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Abstract—Energy is an important topic in science and 
engineering.  Yet, clear definitions of this concept are difficult to 
come by and, as a result, students often develop a limited 
understanding of energy and energy-related concepts.  This is 
exacerbated by traditional, deductive means of teaching.  In this 
paper, the authors report on an attempt at introducing an 
inductive approach to the teaching and learning of energy-related 
concepts, specifically conservation of energy.  The approach was 
attempted among a select group of school students using inductive 
means, and was adapted from an article in the literature that 
addressed flight energy management training for pilots. The aim 
of the paper is to describe the intervention, which sought to foster 
a deeper understanding of energy flows within a system and place 
the school students in good stead for their subsequent design of an 
ultra-energy efficient hydrogen-powered vehicle. This is done in 
order to demonstrate how inductive learning can be enacted in an 
engineering curriculum. However, the intervention was 
implemented with a small sample of students and, as such, further 
attention needs to be given to how such an inductive learning 
approach can be incorporated into formal curricula at both school 
and university levels, with a diverse range of students, and with 
diverse topics. 
Keywords—engineering education; inductive learning; energy; 
concept development  
I.  INTRODUCTION 
Energy is one of the most important topics in science and 
engineering today. Yet, it is a deceptively complex topic. For 
example, it requires advanced understanding of energy and its 
related concepts to explain the fact that all the energy consumed 
by a vehicle travelling on a level road at constant speed is 
‘wasted’. Despite it being a fundamental concept, people often 
have “no knowledge of what energy is” [1], and how it is that it 
is always conserved. Even skilled scientists and engineers 
struggle to propose a concise definition thereof. In this paper, we 
propose an inductive approach to the teaching and learning of 
energy and energy-related concepts (such as conservation of 
energy). This is based upon an attempt to enhance school 
students’ understandings of these concepts. The paper is 
structured such that it begins by differentiating between 
inductive and deductive approaches to teaching and learning 
with particular reference to the teaching and learning of 
engineering design. Thereafter, challenges associated with 
current approaches to teaching energy and energy-related 
concepts are described. The particular approach to teaching 
energy that was developed is then presented, before conclusions 
and recommendations are drawn. 
II. INDUCTIVE AND DEDUCTIVE APPROACHES TO 
TEACHING AND LEARNING: AN OVERVIEW 
In this paper, we develop the notion of inductive learning 
from an engineering perspective and apply it to the complex 
concepts of energy and energy conversion. In so doing, we aim 
to show how this approach has the potential to enhance 
understanding on the part of school learners.   
Hake [2] suggests that the use of classical lecture-based 
teaching of energy-related concepts is ineffective as compared 
to alternative approaches that are increasingly promoted in 
physics education research [3]. The difference between these 
traditional and alternative approaches usually resides in the fact 
that they deploy either deductive or inductive processes of 
observation, experimentation and the development and testing 
of hypotheses and theories [4]. Merkt [5], for example, argues 
that an inductive approach to teaching energy-related concepts 
provides a better result than a deductive approach. 
A deductive approach to teaching and learning begins with 
the teacher stating various rules or laws, following which 
examples are given, and further examples are used to encourage 
students to practice what they have learned. Such an approach is 
termed ‘teacher-centered’. In contrast, inductive learning 
operates in the reverse order, where students begin by generating 
observations, and find multiple examples, before extrapolating 
rules or theory. As such, this is a learner-centered approach to 
introducing new concepts.  
We relate these two approaches to teaching and learning to 
the engineering design process. This is because a deductive 
approach works from a ‘big picture’ or constructed object down 
to smaller components and sub-systems, whereas an inductive 
approach begins with consideration of components and sub-
systems before moving up to the constructed object. Fig. 1 
represents our understanding of these inductive and deductive 
learning processes.   
 Traditionally, energy-related concepts have been taught, in 
schools and universities, using a deductive approach. Within 
such an approach, an understanding of force leads to an 
understanding of work which, in turn, leads to an understanding 
of energy [6, 7]. The basic principles are largely presented as 
standalone concepts strung together to describe the behavior of 
complex systems. In engineering terms, this represents a 
‘designer’ approach where the designer begins with knowledge 
of fundamental concepts (such as air properties) and ends with a 
product (such as an aircraft). 
In contrast, an inductive approach begins with consideration 
of consequences, rather than causes. In this view, the need for 
energy implies a need for force (which, in the case of the aircraft 
example, requires a need for airflow). Such an approach has the 
potential to allow better understanding of concepts for a diverse 
cohort of students. Again, in engineering terms, this ties in to a 
‘user’ approach to design, where user needs determine the 
principles and concepts involved. 
III. ACTION RESEARCH AS METHODOLOGY 
Case and Light [8] provide an overview of emerging 
methodologies in engineering education. One of these emerging 
methodologies is action research, which is deployed in this 
study. The purpose of action research within education is to 
strategically improve upon teaching and learning. In this study, 
action research was deployed so as to improve the teaching and 
learning of energy-related concepts. Action research involves 
engaging in an iterative cycle of improvement [9]. In simple 
terms, action research moves from identifying a problem or 
challenge in a particular context (in this case, that problem refers 
to the limitations in deductive approaches to teaching energy and 
its related concepts), before developing and implementing an 
intervention to address that problem or challenge, measuring the 
impacts of the intervention, and re-designing and improving the 
intervention. This cycle can go through as many iterations as is 
needed to satisfactorily address the initial problem or challenge. 
This paper represents the first iteration of an action research 
cycle aimed at improving the teaching and learning of energy 
and its attendant concepts. The particular process followed for 
this intervention was as follows:  
1.) First, a review of the work undertaken by Merkt [5] was 
undertaken. In this work, Merkt uses energy management 
concepts within the context of flight management training. The 
purpose of the work was to help pilots understand complex 
energy management systems despite not having a strong physics 
background. In so doing, Merkt [5] developed what is termed 
the energy reservoir model. Emphasis was placed on this model 
as it was seen as an ideal example of how to teach concepts 
related to energy and its conservation.        
2.) However, the energy reservoir model was not without 
its own limitations and, as such, the model was further 
developed, and consideration was given to how it might be 
applied to land vehicles. Land vehicles were selected as there 
was an opportunity to involve the school learners in the Shell 
Eco-Marathon, in which teams of school and university students 
design, construct and race high energy-efficiency vehicles [10]. 
The model was also extended to include additional energy-
related concepts that were important to consider in relation to the 
Shell Eco-Marathon.            
3.) Before any intervention with the school learners was 
undertaken, a baseline survey was developed in order to 
establish the learners’ understandings of various energy-related 
concepts prior to the intervention. 
4.) Thereafter, the intervention was undertaken with a 
small group of students, who were to be tasked with designing 
and constructing an energy-efficient vehicle to compete in the 
Shell Eco-Marathon. 
5.) The intervention was evaluated by way of reflection on 
the part of the participants, as well as a post-intervention survey 
similar to the baseline survey undertaken prior to the 
intervention. 
However, it should be noted that the sample was small, 
consisting of only 11 school students. This intervention 
represents a pilot phase of an intended larger action research 
study (that will involve school and university students), and this 
paper serves merely to introduce the intervention and describe 
how it was piloted. Subsequent work will detail larger scale 
interventions and focus more empirically on the pedagogical 
benefits of such inductive approaches to teaching and learning. 
The sample size herein is too small to draw conclusive empirical 
findings. 
IV. ANALYSING THE PROBLEM: ENERGY AND ENERGY-
RELATED CONCEPTS 
Most textbook sources define energy in terms of work, work 
in terms of force, and force as that which cause a change in an 
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Fig. 1. Diagrammatic depiction of deductive and inductive approaches to teaching and learning engineering design. 
object’s velocity, in other words, energy. This is the very 
definition of circular reasoning [11]. The lack of an adequate 
‘dictionary’ definition for the fundamental quantity we know as 
energy has led to the commonly-cited conceptualization of 
energy as “the ability to do work” [12]. However, this is a 
characteristic of energy rather than a definition. From 
thermodynamics, we know that the availability of energy does 
not always imply the ability to do work [13]. Only in very 
simple, theoretical situations is energy simply related to the 
ability to do work. Lehrman [14], in his paper “Energy is not the 
ability to do work”, states that: 
In my opinion, the definition of energy as the 
ability or capacity to do work suffers from three 
defects: 
 (1) It is so barren of content that it 
seems designed for ease of 
memorization rather than promoting of 
understanding. 
(2) It grossly distorts the nature of the 
important social problem of availability 
of sources of energy. 
  (3) It is not true. 
Students’ understandings of energy receive particular 
consideration in educational policy documents in South Africa 
such as the Curriculum Assessment Policy Statements [15] and 
Independent Examination Board Subject Assessment Guidelines 
[16]. Furthermore, energy is one of the seven areas of physics 
covered in the grade 12 science curriculum in South Africa [17]. 
Despite this, there is no consistent way of teaching this topic that 
fosters the development of a comprehensive understanding 
thereof during secondary schooling. The curriculum does not 
stimulate student realization of the interdisciplinary nature of 
energy as a concept. In every grade, a different ‘building block’ 
of the concept is taught but, nonetheless, anecdotal evidence 
suggests that grade 12 learners find it difficult to put these 
building blocks together.   
This problem is exacerbated by the fact that everyday 
language has an effect on our understandings of the scientific 
meaning of concepts such as energy conversion [18]. Learners’ 
understandings of energy-related concepts is often based on 
prior, common-sense definitions, rather than on scientific 
conceptualizations thereof. It is for this reason that Trumper [19] 
notes that the teaching of energy should take into account 
learners’ alternative frameworks surrounding this concept. 
Trumper also concurs with Lehrman’s [14] view that the 
definition of energy as the capacity to do work should be 
abandoned.  
In addition, when the concept of conservation of mechanical 
energy is introduced, it is almost always applied in the absence 
of any resistive forces. For example, learners are required to 
apply the concept in vertical motion (free fall) in the absence of 
drag forces. Of course, this is far from practical reality, but 
teaching it in this way builds a foundation for future application. 
Similarly, when non-conservative forces are eventually 
introduced, many grade 12 learners fail to master the concept of 
conservation and conversion of energy. 
The rate at which energy is converted from one form to 
another, or the concept of power, is also a big obstacle, and is 
also exacerbated by the high prevalence of non-scientific 
meanings associated with the word power. Learners’ 
misconceptions around these concepts are carried forward into 
their tertiary studies, which has disadvantageous consequences 
for them, particularly in engineering programs, which rely 
heavily on a strong foundation in physics. As such, students 
require a deep understanding of energy, its conversion and its 
conservation if they are to be primed for success in subsequent 
engineering study.  
To assess whether these misconceptions are, indeed, 
prevalent, a baseline survey of a pilot group of school learners 
was conducted. The survey design was informed by the work of 
Lawson and McDermott [7] and Trumper [19], and it sought to 
obtain a baseline understanding of the selected learners’ 
perceptions regarding energy-related concepts. The survey was 
conducted among eleven grade 10, 11 and 12 learners who 
belonged to a science club. The results from the baseline survey 
are summarized in Table 1, but should be read as indicative of 
the challenges that exist rather than as empirically conclusive. 
As can be seen in these preliminary results, the rote-learned 
definition of energy as the ability to do work emerged strongly 
in the results. In addition, a lack of understanding of the 
conversion of potential energy into kinetic energy was also 
evident. As such, a need for re-development of the way/s in 
which energy and its related concepts are taught was identified. 
TABLE I.  SELECTED RESULTS FROM A BASELINE SURVEY OF LEARNERS’ 
UNDERSTANDINGS OF ENERGY AND ENERGY-RELATED CONCEPTS 
Concept School 
learners 
A. Definition of energy: 
What do you understand “energy” to be? 
“The ability to do work.” 
“A quantity conserved.” 
 
 
9/11 
0/11 
B. Definition of power: 
What do you understand “power” to be? 
“The rate of energy conversion.” 
 
 
3/11 
C. Change in energy: 
Two objects of different mass subjected to the same force 
over the same distance.  
“Equal change in energy.” 
 
 
 
3/11 
D. Conversion of potential to kinetic energy: 
Two objects of same mass sliding down different slides of 
the same height: what is the resulting speed. 
“Same speed” 
 
 
 
4/11 
V. DEVELOPING AN INDUCTIVE APPROACH TO TEACHING 
AND LEARNING ENERGY-RELATED CONCEPTS 
A. Flight energy management and the energy reservoir model 
Energy management in flight control is necessary in order to 
ensure not only safe flight, but also efficient flight. Unsafe or 
degraded energy states can cause hazards and, as such, energy 
safety management is a vital component of monitoring and 
controlling an aircraft [5]; a significant number of commercial 
aircraft accidents have been associated with poor management 
of aircraft flight path or airspeed. From an energy perspective, 
these accidents are caused by poor management of the potential 
and/or kinetic energy of the aircraft resulting in loss of 
controlled flight with the pilot or autopilot unable to regain 
control. Efficient management of energy also leads to improved 
aircraft performance, and is aimed at reducing the amount of fuel 
used by the aircraft per unit of distance or time. This is important 
because fuel consumption is the second highest operating cost 
for airlines, and can be reduced by proper management of the 
energy state of the aircraft [5].  
Merkt [5] suggests that basic energy safety training could 
assist pilots in acquiring the knowledge and skills needed to 
operate aircraft, not only more safely but also more efficiently 
in terms of fuel consumption. Flight energy management rests 
on the basic laws of physics as described by Newton and the 
conservation of energy. To demonstrate this, Merkt proposes the 
energy reservoir model as a visual analogy describing the energy 
flows of an aircraft. This model is depicted in Fig. 2. As can be 
seen in the figure, the throttle controls the energy flow into the 
system while the elevator controls the energy distribution 
between the kinetic energy reservoir and the potential energy 
reservoir. The levels in each of the reservoirs are an indication 
of the amount of energy stored either as kinetic energy 
(represented by the airspeed of the aircraft) or potential energy 
(represented by the altitude of the aircraft).  
Fig. 2. Energy reservoir analogy [5]. 
Through the elevator, kinetic energy can be exchanged for 
potential energy and vice versa in a bi-directional manner. 
However, energy flow obtained from the conversion of chemical 
potential energy stored in the fuel to mechanical energy in the 
form of thrust is unidirectional. Energy converted to heat as a 
result of aerodynamic drag is lost to the atmosphere, also in a 
unidirectional fashion. The energy difference between thrust and 
drag flows in to (or out of) the energy reservoirs.  
According to this model, energy can be exchanged between 
the two reservoirs without being lost to the environment – which 
follows from the law of conservation of energy. However, this 
is not the case in reality, given that an increase in airspeed will 
result in an increase in drag forces and, in turn, an increase in the 
amount of energy lost to the atmosphere. As such, although the 
total mechanical energy of the aircraft is distributed between the 
kinetic energy (airspeed) and potential energy (altitude) of the 
aircraft, it cannot simply be transferred between the two 
‘reservoirs’ without additional losses being incurred. That is to 
say, if a certain amount of potential energy is exchanged for 
kinetic energy, that same amount cannot be reclaimed, later, as 
potential energy again. This is because the increased speed will 
lead to increased losses due to increased drag.   
As such, we required a different way of visualizing this 
problem, and developed Fig. 3. As can be seen in Fig. 3, the 
potential energy of an object is measured as the product of its 
height (h), its mass (m), and gravitational acceleration (g): Ep = 
mgh. This is similar to the formula for the volume of a 
rectangular container, which is the product of its length, breadth 
and height. However, the case of kinetic energy is different. 
Kinetic energy is best visualized as being stored in a reservoir in 
the shape of a right angled isosceles triangle. The volume of the 
isosceles container is computed as half the product of its depth 
and its height squared (in an isosceles triangle, two of the sides 
are equal). This is because the equation for the kinetic energy of 
an object is half of the product of its mass and its speed squared: 
Ek = ½mv2. If the container height represents the speed of the object and the depth represents its mass (as shown in Fig. 3), the 
volume of the container represents the amount of energy stored. 
The benefit obtained from this representation is the ability to 
visualize the amount of kinetic energy of an object as a function 
of a linear speed scale. 
Fig. 3.  Geometric visualization of potential and kinetic energy. 
However, drag forces are seldom linear and are, instead, 
speed dependent. That is, the proportion of energy lost increases 
as speed increases. Therefore, based on Fig. 3, the rate of energy 
loss as a result of non-linear, speed-dependent drag forces can 
be represented by the outflow of energy from a non-linear slit or 
funnel in the reservoir wall. As such, we propose Fig. 4 as a 
replacement for the energy reservoir model produced by Merkt 
[5] in Fig. 2. 
Fig. 4. Revised energy reservoir model. 
0 m/s
1 m/s
2 m/s
3 m/s
4 m/s
m x 0.5 J
1 J
m x 2 J
m x 4.5 J
m x 8 J
0.1 m
0.2 m
0.3 m
0.4 m
0 m g
1 J
m x 4 J
m x 3 J
m x 2 J
m x 1 J
V h
In Fig. 4, the width of the outflow funnel is dependent on the 
drag coefficients of the object. The water level in the reservoir 
gives an indication of the speed of the object and the volume of 
water in the kinetic energy reservoir represents the amount of 
kinetic energy available to the object. This representation, we 
argue, gives a clearer understanding of the fact that an increase 
in energy loss as a result of drag will accompany an increase in 
the speed of the object. It explains why it is the case that not all 
of the energy exchanged for kinetic energy can be reclaimed, 
later, as potential energy. This is because, as Fig. 4 shows, the 
amount of kinetic energy bears a relation both to the speed of the 
object but also to the rate of energy loss. 
B. Applying the energy reservoir model to land vehicles 
While Merkt [5] originally applied the energy reservoir 
model to the teaching and learning of flight energy management, 
the energy dynamics applicable to an aircraft are analogous with 
the energy conversions encountered in a typical vehicle. By way 
of illustration, consider a vehicle on a track as shown in Fig. 5. 
The track consists of a flat section covering a distance of 500m 
followed by a 3 degree slope over a distance of 100m, allowing 
a height gain of about 5.7m. At the top of the incline, the track 
continues level for 400m before a decline on a 3 degrees slope 
extending over 100m, ending in a flat section. This track profile 
has been selected so as to demonstrate the conversion of kinetic 
energy to potential energy and back to kinetic energy. 
Furthermore, such a track section contains elements one would 
expect of any typical track, such as that used for the Shell Eco-
Marathon. 
 
 
Fig. 5. Typical track section profile. 
Fig. 6 shows the conversion of electrical energy to kinetic 
energy (as represented by the speed of the vehicle) and the 
conversion to potential energy (as represented by the height of 
the vehicle). The example assumes a traction (drag) force of 
30N. The start position of the vehicle is the beginning of the 
track. Trajectory A in Fig. 6 shows how the vehicle accelerates 
to 37km/h. The vehicle then encounters the inclined slope shown 
by trajectory B, where the vehicle exchanges a loss in speed for 
a gain in height. The vehicle‘s speed reduces to about 18km/h, 
while it gains height of 5.7m. Once the vehicle reaches the top 
of the slope, it accelerates on the flat surface to 37km/h, as 
indicated by trajectory C. The vehicle then accelerates down the 
decline increasing its speed to nearly 50km/h, while losing 
height back to 0m (trajectory D). At the bottom of the decline, 
the vehicle loses speed and stabilizes at a speed of 39km/h, as 
indicated by trajectory E.   
It is worth noting that the reduction in speed while gaining 
height (18.7 km/h) is more than the speed gained while losing 
height (12.7 km/h). This difference is a result of the drag force, 
which is a function of the speed of the vehicle. As was 
demonstrated using Figs. 3 and 4, the dependence of the drag 
force on the speed of the vehicle has the consequence that not all 
of the kinetic energy stored in the speed of the vehicle can be 
converted to potential energy through a height increase; instead, 
some of the kinetic energy is also converted to heat energy and 
lost to the environment. This, as was the case with the aircraft, 
can be visually depicted using the energy reservoir model in Fig. 
4, where energy enters the system through the conversion of 
chemical energy (in the fuel), while some exits due to traction 
and drag. The remainder is exchanged between potential energy 
(altitude) and kinetic energy (speed). 
 
 
Fig. 6. Energy conversion for vehicle on track section. 
C. Designing an intervention for school learners 
The previous sub-sections have provided the necessary 
scientific background to establish the complexity of the concept 
of conservation of energy and energy losses. To return to the 
example with which this paper began, the preceding discussion 
shows how and why all the energy used by a car travelling on a 
level surface at constant speed is ‘wasted’: all of that energy is 
lost to the atmosphere through drag and traction. The energy 
concepts discussed in the previous sub-sections have been 
presented in a somewhat inductive manner, in that it begins with 
an example (aircraft flight management) and extrapolates theory 
from those examples. However, it was felt that the teaching and 
learning of energy-related concepts could be handled even more 
inductively. The energy reservoir model developed by Merkt [5] 
provided an indication of how it might be implemented, or 
illustrated, in a real-world, practical sense, that is through the use 
of fluids in containers (reservoirs). This was achieved by using 
small containers filled with water. In each container, a slit was 
carved into the container that became wider towards the top of 
the container (and narrower towards the bottom). 
The learners were divided into two teams, and each team was 
given an equivalent amount of ‘energy’ (represented by a 
volume of water) and challenged to make the ‘energy’ last as 
long as possible, while always travelling at least at a prescribed 
minimum speed. It is important to remember that, according to 
Fig. 3, the water level represents speed, while the volume 
represents stored energy. As such, the learners could decide how 
much ‘energy’ to add to the system, while ensuring a minimum 
level was maintained at all times. Both teams filled the kinetic 
energy reservoir to the maximum level. This, of course, resulted 
in maximum losses of energy (in the form of water lost through 
the slit). The amount of ‘energy’ lost (water spilt out the slit) 
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provided an indication of the increased losses that would result 
from increased speed.   
The activity was then repeated with the same amount of 
‘energy’ (water) again given to each team. This time, the 
learners were aware of the effect of increased losses as a result 
of high ‘speed’ (the high water level in the kinetic energy 
reservoir). In the second run, both teams regulated the ‘energy’ 
level (the water level) in the kinetic energy reservoir, that is, they 
reduced their allowed speed, keeping it as close as possible to 
the prescribed minimum allowed speed. In the case of both 
teams, the allotted ‘energy’ lasted significantly longer, by 
reducing kinetic energy levels (or speed) and, as such, limiting 
energy losses. The teams were then tasked with determining the 
change in width of the slit carved in the kinetic energy reservoir, 
which represented the ‘efficiency’ of the system: the wider the 
slit, the greater the losses, and the lower the efficiency of the 
system.   
After the activity was completed, the energy reservoir model 
depicted in Fig. 4 was presented to the group of learners. The 
activity was related to the energy losses resulting from non-
linear conversion of energy within vehicles. This was then 
related to the Shell Eco-Marathon vehicle, where the fastest car 
is not necessarily, if ever, the most fuel-efficient vehicle. In that 
competition, contestants are allocated a certain volume of fuel 
(there are different categories of fuel provided, eg. ethanol, 
biofuel and so on). Their challenge is to complete as many laps 
as possible on the given fuel, while maintaining a certain 
minimum speed. The challenge is not to complete a certain 
number of laps as quickly as possible, but to cover the greatest 
distance given a certain amount of fuel. As such, the inductive 
learning experience designed for the school learners was directly 
analogous with their subsequent participation in the Shell Eco-
Marathon, where they raced a hydrogen fuel cell powered 
vehicle. 
VI. DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS 
Much emphasis in the literature on inductive and deductive 
approaches to teaching and learning is placed on the importance 
of replacing deductive, teacher-centered approaches with 
inductive, learner-centered approaches. However, there are few, 
if any, examples of how inductive teaching and learning can be 
achieved in a practical sense. This paper seeks to address this 
gap, by reporting on an attempt to implement an inductive 
approach to the teaching and learning of energy-related 
concepts. As part of this attempt, a group of high school learners 
were given a practical encounter with an adapted version of the 
energy reservoir model developed by Merkt [5]. This was done 
with a view to assisting these learners conceptualize their design 
for a hydrogen fuel cell vehicle that could successfully 
participate in the Shell Eco-Marathon.  
After the activity, a second survey was conducted, which 
again interrogated the learners’ understandings of various 
energy-related concepts, as well as whether the learners thought 
the energy reservoir model had improved their understanding of 
energy conversion concepts. The results of this second survey 
suggested that the students possessed a better understanding of 
energy conversion and the concept of ‘energy loss’. Moreover, 
the learners were able to successfully participate in the Shell 
Eco-marathon, where they achieved an efficiency of 309km/m3 
of hydrogen, which placed them eighth in the world amongst the 
hydrogen-powered vehicles.  
The traditional approach to teaching and learning energy-
related concepts in most schools and universities is deductive in 
nature. Within such an approach, learners are taught by being 
introduced to large swathes of theory, and basic principles are 
largely presented as standalone concepts strung together to 
describe the behavior of complex systems. In contrast, an 
inductive approach to teaching and learning begins with 
consideration of effects rather than causes. It works from 
examples, and extrapolates theory from these example. The 
principles of inductive learning have been demonstrated using 
the example drawn upon herein.  
In line with action research methodology, a practical 
intervention was designed, in which school learners were 
introduced to important energy-related concepts such as ‘kinetic 
energy’, ‘energy losses’, and ‘energy conversion’ through a 
practical, real-world, lived example. Thereafter, the relevant 
theory was presented to and discussed with the learners. Our 
contention is that such an inductive approach to teaching and 
learning can foster deeper understanding of, in this case, the 
energy flows within a system. In so doing, it placed the learners 
in good stead for their subsequent design of an ultra-energy 
efficient hydrogen-powered vehicle.  
However, this is only the preliminary iteration of such an 
intervention, as it was conducted in the context of an extra-
curricular science club where there was greater scope for 
experimentation, and where the relatively small sample of 
students were highly motivated and interested in scientific 
principles. Attention needs to be given to how such an inductive 
learning approach can be incorporated into the formal 
curriculum, at both school and university levels, with a diverse 
range of students. In addition, attention needs to be given to 
other concepts, besides energy, that may be well-served by an 
inductive approach to the teaching and learning thereof. 
Furthermore, engineering education practitioners and 
researchers may be well-served by the development of a bank of 
practical examples of how inductive learning principles can be 
incorporated into classroom practice, an aim to which, it is 
hoped, this paper makes a contribution. 
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